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WIMD-TUM?IEL T19ST6 OF AIIJER05iSAT VAHIOUS SPEEDS
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WITH ().60AIIIKiON-CHORD SBQED I?lTERliALBALANOIC

OH TEE llACA 66,2-216 AIRFOIL

By H. G. Denaqi and J. D; Bird

SUMMARY

~lnge-moment , lift, pressure ”differenoe across the
halanoe, and ~ressure~distributlon measurements were made
in the two-dimen~lcnal test eeotion of the stability tun-
n~l on a 0.60 elleron-chord sealed Internal-balance al-
leroa on the liACA 66,2-216, a = 1.0 airfoil.

The prlma~y oljeot of. these tests was to determine
the effect of speed on the action of this aileron. The
airspeed was varied from 160 to 360 mtles per hour, co&re-
eponding to Mach numbers of approximately 0.197 to 0.475,
reflpactlvely. The vent gap was varied from 0.0025 wing
chord to 0.0100 wing ohor~.

The variations in section hinge-moment coefficient, “
section lift coefficient, and pressure coefficient aoroOs
the balance with Mach number, angle of attaok, aileron an-
gle, and vent gap are given graphically. The pressure
coefflolent aoroes the balance has been given In order that
the deOired amount of %alance oan he more readily obtained.
Oross plots have also been Included to show the general
effect of ohanges in Mam uum’ber and vent gap.

An increase of speed in the range tested generally
increased the slopes of the ourves of hinge-moment coeffi-
cient and lift coefficient and also caueed a considerable
decreaee of the unetalled range of the aileron.
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INTRODUOTIOH “

The forms of ailerons In use today have given perform-
ance that was satiefaotory aocording to previous require-
ments. With the development of current oombat airplanes,
however, large increasea In epeed and wing area, together
with the demand for higher rolling velocities, have intro-
duced difficulties euch as overbalance at high speeds on
some of the existing aileron installations.

This difficulty with balance is apparently the result
of compregslhllity effects on the almost exact balance re-
quired at high speed. It hae been considered desirable,
therefore, to reinspect come of the currently ueed or re-
cently proposed balance errangemente from theee considera-
tions. Zhe I!WCA is therefore undertaking a study of same
of the more promieiag aileron forms at higher speeds than .
tl-.oseemployed In previous development. Ae reported in ‘ “ .
referenoe 1, an aileron of 0.20 airfoil chord with 0~35
alLeron-chord b-lunt:.noee balance hae already been tested.
The present investigation wa.e made to determine the effect
of speed, up to a Mach number of 0.475: on the section
characteristics of a 0.20 atrfoil-chord aileron of true
contour with (3.60 aileron-chord sealed internal balance on
the NACA 66,2-216, a = 1.0 airfoil, and also to determine
the effect of variation of vent gap on the aerodynamic
characteristics. The 0.60 aileron-chord bqlance wae chosen
because unpublished data from Ames Aeronautical Laboratory
has indtcated that satisfactory hinge-moment characterie-
tios would he obtained on thie type of aile=on with this
airfoil eection.

Curves showing the variation of aileron eection hinge-
moment coefficlent8 section llft coefficient, and preeeure
coefficient across the balance with aileron angle are plot-
ted for five airspeeds that correspond to Mach numbere of
0.197 to 0.475. Cross plote ehowing typical effecte of var-
ious parameter on the aerodynamic characteristics are in-
cluded for comparisons. A compari~on of this aileron with
the blunt~nose aileron of reference 1 on the same airfoil
is also included.

SYMBOLS

The coefficients and eymbols used in thie paper are
defined as followe:
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where

1

ha
.

a

P

and

a.

?Ja

x

1
airfoil seation lift ooeffioient “( )~

increment of airfoil seetion lift ooeffloient

ha

()aileron seotion hinge-moment ooeffioient —~
qaa .

increment of pressure coefficient aoross balanoe’
(pressure below balance minus preseure above
balance divitied by dynamio pressure)

airfoil section lift

aileron eectlon hinge moment

chord of he-sic airfoil, including aileron

chord of aileron behind hinge axis

dynamlo pressure
(i Pva)

absolute veloo5.ty of air stream

mass donsit~ of nir

angle of attack of airfoil for Infinite aspect
ratio

aileron itefloction with respeot to airfoil

Bfaah number

81OP9 of Ch against 8n at oonstant cto
a

EIIOpO Of Ch againat a. at constant 8a
8

slope of AP ag~lnst 8R at oonstant Go
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ac1
()~ elope of c1 againet 6a at constant ~. .. -

a.

()$ d
elope of 01 against - a. at 68 = O

0 88=0 .

APPARATUS AND MODEL

Tests were made in the two-dimensional test eection
of the stahllity tunnel. This section ie rootangular, 6.
feet high and 2.5 faot wide. Afr velocities up to 400 .
mllos per hour are pcseible in thie section. ~igure 1 is .
n photograph of tho test section with a model ia plmce.

The model investigated.had an WCA 66,2-216, a = 1.0
airfoil section of 2-foot chord. Table I gives the air-
foil or&inates. The wing portton of the model wae made of
laminated mahogany. The 0.20c aileron of true contour
with 0.60ca sealed internal balnnce w~B naEe of steel.

Cover pl~.tes were also of etael, faired to the ~irfoil
coatour, and the vent gnp was varie& by use of cover plates
of different lengths. The se~l wee m.de of impregnated
cotton and extended c~mgletely &cross the ~irfoil span.
Cleerance at the ends of tha bnlcnce kas kept to a minimum
and se~led with gre.aee 50 prevent leakage. l’i~re 2 ie a
sketch of the aileron tested.

Tha aileron wns ex~portet at the end~ by %all bearings
housed in steel end plates attached. to the airfoil. The
fairf”oilwas fixed into circular end disks, which were flush
With the tunnel walls with about l/8-inch clearance between
the aileron and the end dieks.

The angle of attack was chc.cged by rotating the end
disks. A!.leton angles were vfiried ?.nd hinge momente vere
mensured by n calibrated spring-torque ‘b~lance and sector
system. L%ft was measured by an integrating manometer
connected to orifices in the floor and ceiling of the tun-
nel . The integrating manometer was c~librated ngainst
lift obtained by preseuro-distribution measurements on the
airfoil. Pre$sure orifices were located on.the oenter
line of the wing and aileron and the pressure distribution
was recorded by photographing the multiple-tube manometer.
Pressure openings were located under the cover plates on
eaoh side of the balance nsar the center line nnd the -
pressure difference aoross the bnlmnce was read along with
the lift and hinge-moment reldings.

. I
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T3!STS

Tests were made with vent gape of 0.00260, 0.0050c,
and. 0.01000. Hinge momente, lift, an~ the pressure differ-
ence aaross the balanoe wera memfaured. Pressure distribu-
tions were recorded photographically.

Tests with efioh vent width were made at f~ve MaOh num.
hers in a range hotween 0.197 ana 0.475. The lowest valbe

M corresponds to a Reynolds number of 2,800,000 and
~~e highest value to a Reynolds number of about 6,700,000.
Reynolds number based on standard atmospherlo conditions
plotted against test Mech numb”er is given as figure 3.
Tests were made at angl~s of atta.ok of -5°, 0°, 5°, and 10°.
l?or each angle of atta~k, readings were taken at the fol-
lowing aileron angles: 0°, &2°, &6°, a7°, *lO”, *16°,
%18°, and *.20°. The highest valu~ of Mach number could

~. not be attained at the large angles of attaok with large
aileron deflections because of limlted tunnel power.

pressure-distribution records were made at Mach num- “
hors of 0.198, 0.358, and 0.475 for angles of attack of 0° .,.
and 10°. At each angle of attack the aileron settings

were 0°, *5 o, +10° , and *16°.

PRECISIOK

Augles of attack were eet to within *O.1° and aileron

angles to within *0.3°. The hinge-moment ooefficienks
could be repeated to wlthln *0.C)03, lift ooeffioients to
within *0.01, and pressure coefficient aorose the balanoe
to wlthln =0.03.

Corrections for tunnel-wall offeots were applled to
tho lift cooffictonts and to bhe angloO of attaok. The
cbrrootions applied are:

o% =“ [1 - Y (1 + 2P)] CJ

ao = (1 +Y) rLof

whero

.—-— .
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p = 0.304

h

‘a’

‘O ‘

(theoretical faator for ITACA 66,2-216, a = 1.0
airfoil)

height of tunnel

measured lift coefficient

uncorrected or geometrio angle of attack

‘O = 1.023 (z,’

No corrections were appli6d to the seation hinge-moment
coefficients or to the pressure coefficient across the bal-
ance.

Th6 spring-balance method used in th16 report for ob-
taining sectioa hinge-momen$ ooefflc.ients wae checked for
a number of oaees by the pressure-distribution method and
the comparison is given in figuro 4. The vari.atlons shown
P.re probnbly due to the fnot .th~.tthe sprlug balance meae-
ures the moment of the ontlre aileron, whloh includes ef-
fects of boundary layer at the tunnel wall and of gaps at
the ends of the aileron as well as nny cross flow over the
aileron. The pressure distribution, however, givee the
hinge moment of one section of the aileron ~.nd is subjeot
to errors in fairing the pressure-distribution diagrams.
The majority of the points shown are within the accurnoy
of the spring-bnlmnoe measuring s~stem.

ILESULTS AFD DISCUSSION

The result~ of this investigation are presented ”graph-
icall~ in figuree 5 to 18. In order that individual plots
may be more eaqily identified, table II gives the figure
nunber, variations shown, teet Mach number, and vent gap.

Hinge Momente of the Aileron

The effect of an tnorease of the airspeed from a Maoh
numb er M of 0.2 to 0.47 was appreciable on the curvee ~f
seoti.on hinge-moment ooofflo~ent oha plotted against
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nileron englo &a. A study of fi~re 5 shows that the rnxige

. in which ‘ha continues to increase Ilnearly with 8a de-

oree.ees with incmease of tapeed and th@t, in this linear
riange, the slope of these curves increased with spaed. In

“.order th~t the effeot of change of airspeed and vent gay on

aGhG

()ab a.
may be more readily seen, this parameter has been

plotted ngainet Mach number in figure 6 and against vent gap
In figure 7. i3ecaueo the bingo-momont-coefficient curves
often changed slope at sero atleran angle, valueta of ‘ha
at aileron anglee of %5° were arlltrarily ueed to dOtermine
the slo2e. It is ev~dent that; in the range teeted,
. ~oha

“( ) becomee greeter negatively with Increase of M
~~a ~.

for all but the 10.2° angle of attack. CZo. Part of this
change may be due to ReVnolds number. The change in elope
when ‘o = 10.2° at l! = 0.35 is not understood but is

believed to be a~sociated with the attainment of critical
speeds over the forward position of the airfoil at this
angle of attack.

Changes of the vent gep from 0.00250 to O.O1OOC also

cauOed a general negative Increase in
()
% This re-
~8a ~o-

sult I@ in agreement wlhh the results given in reference 2,
in which the vent width was varied. There wae no noticeable
ohange of the stalled range of the aileron with vent gap.
(Sf3e figs. 5 and 7.1

(
aoh

With the 0.600a balance tested, ~~
~a )=0

waO positive

at” ‘o = 0° over part of the epeed range, and overbalance

is Indiaated. One.requirement for balance is that

~~ha

() be negative,
alla

but this uonditi.on is not suffloient
a.

for balance when the change in anglo of attack due to roll-

lng Is conf31dered. In those tests
(=)Ma

wae negative

fLo
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at all angles of attaok at high speed; yet, tf the rolling
oondition is considered when etick foroee are estimated,
the aileronu may be overbalanced at all apeede for a large
range of aileron deflections.

If the pressure difference across the balance is ae-
sumed to be equal for all points along the balanoe, it is
reasonable tO OXpect that the ah ean be predicted for

a
“ any other amount of balance. This fact is substantiated
br the da~a and dieouesion in reference 3. The fcllowing
relation based on the geometry of the balance parts has
been dorlved:

r

10.1624- fx-O.1875~
( )

1x-o.1875 +0,1875 1AP
chl=ch - (1)

a 2 J

where

Ch’ aileron taectio& hinge-aoment coe:i’icient of an ai-
leron of x balanoe

x amo”unt of balanco in fractfon of aileron chord; for
plain aileron, x = 0.1875

The pressure coefficient across the balance AP 10
given In figure 8 for conditions ido~tical to those at
which the hinge moments were measared. The variation of

dAP

()
with Maah nuzcbar in the range tested is small.

z Go

Abselute veluee of AP at large aileron angles were lower
at high airspee~s than at low airspeeds. The highest val-
ues of AP were generally obtained with the snallest gap
that was used, which is a~ expeoted.

From the uso of
ch*

and AP obtained from the

0.00500 vant gap at M =-0.358 and formula (l), the hinge-
moment ooeffioients for a platn sealed aileron were cal-
culated and are giveE In figure 9. The CUI’V613 of hinge-
momant cooffloient oomputetl for a plain sealed aileron are
nearly linear throughout the aileron ranga.

Data from figure 5 have ba~n oroas-plottod to show the
variation of Cha with angle of attack for three rapre-

sentatlve aileron angles in figure 10. Ths average incro-
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raen% of =Ila for (%O n -5.1 0 to 10.2° ill-0.09, Whl Cdl

gipes an average value of
()
*: of -0.0059. SpGcific

aah aao aa

N
( a,

valuee of ~G may vary widely from -0.0059.
m

3
0 8a

Lift

The airfoil seotion lift coefftolen~ ?1 plotted

a&a5net angle of attack for the varloum epeeds and vent
gaps that were teeted are given in figure 11 for zero ai-

mo of -5° and OO. A characterietlc of this low-drag air-

foil section is thmt separation takes place between an m.
of 2° and 4°, anti a change in the lift curve results. More
Information on this phenomenon is given in reference 4.

ac~()?he parameter — was plotted againOt M in figure
~a~ ~ ;$ ~

12, and c ohange of
()Z8

of 0.017 was obtained for

a=o
the vent gaps of 0.0025c and OO0050C for a ohange of M
between 0.2 and 0.475. Glauer~ and Ackeret have shown that

1the lift curve slo~e ~hould vary with M na
J1-11~”

This variation -is shown in figure 12 by using an arbitrary
lift slope of 0.099 at 11=0 in euoh a way that the theo-
retical increase of lift slope paseee through the meaeured
value for the 0.0025c and 0.0050c vent gaps at M = 0.2. .
A comparable change In M of 0.011 is obtained by this
method. The observed difference between the two curvee Ie
belie~ed to be dub to tho fact that Rqypolde. number may
have an appreciable effect on tho slope of the lift curve,
as ie indicnted by the data given in roferenbe 4 for thlt!
airfoil Beotion, and to the fact that tho wind-tunnel cor- .
rection which was applied negleotod compressibility ef-
fecte. The vent gaps of 0.0026c and 0.00500 gave identi-
oal results, whereae the O.O1OOC vent gap showed a con-
sistently lower lift-curve slope. This difference may be
due to misalinement of the cover plates.

I’lote of sectio~ lift coefficient oz against alleroxa

I — .— —— .,...—,
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angle (fig. 13) show that the most noticeable effect of an
Increaae In the afrepeed la a decreame of the angle at
which the elope of the lift curve changes. In order to
avoid confusion the curves in figure 13 have been faired
through the points for a Mach number of 0.358 only. The

acz
parameter

()z
obtained from values of cl at ba

a.

of *5O is plotted againat M in figure 14 and against

vent gap In figure 15. A small increase of
()

~
wa 0

a6aao

noticod with Increase of airspesd in the range tested for
all but the 10.2° angle of attack. Variations of the
slope with vent gap w~re too irregular to show any defi-

ac~\
nlte tronde. The values of

(a)~
obtainod in this

a.

test are in close agre~m~nt with tho values obtainod from
reforonco 4 for a 20-percent chord, plain scaled flap on
the samo airfoil and at approximately the same Reynolds
number .

. Control-Torte Criterion

The variation of ~cha&a with Aol is a control-

force criterion that takes into account not only the re-
ductio?: in AchE bllt also the possible reduction In Acl

(for a given deflection) that may be caused by the balanc-
ing device. Even though ACh zay be reduced coneider-

a
ably, if in doing so It is necessary to move the control
surface thrcugh a very large anc~le (decreasing the stick
leverage of the ailerons), the product AC@a may be in-

creased somewhat to obtain the same Acl. Ihe criterion

as used herein is strictly valid only at the instent that
the aileron la deflected. The use of this criterion for
computing stick forces during a roll will give an errone-
ous indication of these forces because differences in

dCha

()a~o ~
for the ailerons that are being compared are not

a
taken into account.

Figure 16 shows this criterion compared at various
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Mach numbers. The effeot of an inorease in speed is small
exoopt at large aileron deflections; an this ease the
oontrol-foroe oriterion is generally lower at low speeds
than at high speeds. variations with Tent

7
ap when com-

pared by this criterion were small (fig. 17 ; the 0.00250
and 0.00500 vent gaps, however, gavo slightly bettor re-
sults than the O.OIOOa vent gap.

!lhe blunt. noee balanoe aileron with 0.02c radii and
‘0.0055 gap reported in referenoe 1 is compared In figure
18 with the aileron tested in this lnveatigatlon. It la
evident that, when compared by this oriterion, the internal-
balance ailaron te~ted had not only lower values of bahn8a

at specifio valueO of Aci and ~t)EIB eoparation of these–
curves with angle of attack, but also higher values of
Ac ~ obtainable with aileron defloctlou, than the 0.36ca

blunt nose balance ailercn or thlg airfoil.

A noticeebl~ difference between the two ailerons, not
shown in any of the fi=-res, ie that tho oaoillations that
ooourred at the transition point botwoon the stalled and
unstallod range on tho blunt noso aileron were either not
prefaent or were so small as to be unnoticed on the internal-
balance aileron. A possible explanation for this phenome-
non is that the stall was nnt as clearly defined on the
internal-balance type and, as discussed in roferenoe 3,
there may be a hea~y damping of oscillations with the inter-
nal balmnoe.

CONCLUSION

The results of thifa investigation of an internal-balanoe
aileron of 0.20 alrfoll ohord and true contour with a 0.60
aileron-ohord balance tested on the IUCA 66,2-216, a = 1.0
airfoil seotion indicate the following general conclusions:

1. Increasing tho airspeed up to a Mach number of
0.475 noticeably Inoreased the slope of the curves of the
hinge-moment aoeffloient and of the airfoil lift aoeffi-
clent but, ai the samo time, considerably decreased the

“ dnstdled range of the aileron.

2. ChRngos of tho vent gap from 0.0025 ohord to .
0.0100 chor~ had little offeot on the aorodynamio oharao~.
teri.etieO; best aorodynamio oharaetoristlce, howovor, wore
obtained with a vent gap of 0.0050 ohord or less.

.
--- -.
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3. A 0.60 aileron chord sealed internal balance on
this aileron oauaee overbalance at soro anglo of nttack
for low airepoods; moroover, when the change Sn anglo of
attack duo to rolling Is considered, the aileron may bo
overbalanced at all speeds for a large range of aileron
deflections,

4* The interual-balance aileron tested had much bet-
ter aerodynamic oharaoteristics than the blunt nose ai-
lerons tested on the same airfoil.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Fl,eld, Va.
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TAB- I

OEDIHATES E’ORIULCA 66,2-216, a = 1.0 AIR3’OIL

.3J.

?

. .

.
[Stations and ordinates in peroent of wing ch$rd]

Upper surface-.

Station

o
.401
.640

1.128
2.352
4.846
7.340
9.838

14.845
19.860
24.879
29.900
34.924
39.949
44.974
50.000
55.025
60.048
65.067
70.081
75.087
80.085
85.0’75
90.055
95.028

100.000

Ordinate

o
1.230
1.484
1.858
2.56@
3.604
4.428
6.140
6.276
7.156
7.844
8.366
8.736
8.980
9.092!
9.050 ,
8.8?5
8.496
7.f162
6 .Q<.l
5.860
4.644
3.395
2.103
.913 .

0

Lower eurfaoe

~-
1.372 -1:644
2,638 -2.188
5.154. ~ -2.972.
7.660 -3.580

10.162 I -4.106
15.155 -4.930
20.140 I

-5.564
~5.~21 -6.054
30.lCO i -6.422
35.076 ~ -6.676
40.051

~
-6.838

45.026 -6.902
50.000 I -6.854
54.975 -6.686
69.952 -6.354
64.933 -6.802
69.919 -4.997
74.913 -4.070
79.9i5

I
-3.052

84.926 -2.049
89.945 -1.069
94.972 ... -.281

100.000 0

L.E. Radiug = 1.575

“.

.

. .

. .
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LIST OF PLOTTED RUSUIA!S

‘@llre -.Variationshows
tib-dr .“- ~

~

61
?%

()“~ afyalnst M TarioEl
a.

%“ “
I

7 10 ~ ~. against mat gapl

I

O.lgg, .41Ei

. .
- vent @sp
4

(a)0.00250
(b) .00500
(c) .Olooc

9

10

11

12

13

14

15

.16

17

18

uc1 againtat ~ I
II

i

I
!

o ● 3y3

0.191?, .41.8
().l~g, .29(-J,

~~.:, .41~,
I

Vcries

o.19g, .290,
5a, Jna,
$; 74

Ve2i.eO

.

0.193, .4M

().goy)(y

o. 0050C

o. oo25c
.00500
.Olooc

( o. Go25c

\

, 0050C
● O1OOG

(d o.oo25c
[:] ●m&

.

0.00500

{.

I
A~8a ugalnOt Aol o.lgg, .290 I
showing mxrldlon with -::;:, .kl13

I
o,Oqm

“M
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